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[57] ABSTRACT 
A hydraulic circuit is provided to prevent overspeeding 
the prime mover powering a hydrostatic transmission. 
The hydrostatic transmission includes a hydraulic 
motor ?uidly coupled to a hydraulic pump. The hy 

INPUT sum (45) 
VAR. PUMP (44) /46 

draulic pump is driven by the prime mover and the 
hydraulic motor drives a rotational load. The hydraulic 
pump includes a swash plate tilted by a servomecha 
nism. The servomechanism receives hydraulic ?uid 
from a pump powered by the prime mover. A valve is 
operated to shut-off the hydraulic ?uid to the servo 
mechanism in the event that the pressure in either of the 
two conduits joining together the hydraulic pump and 
the hydraulic motor exceeds a pre-set maximum value 
or if the pressure in an auxiliary line exceeds the same 
pre-set maximum value or if the sum of the two pres 
sures exceeds the pre-set maximum value. The pre-set 
maximum value is a variable quantity having its maxi 
mum value when the angle of tilt on a swash plate 
within the hydraulic pump is zero or when the plate is 
approximately perpendicular to the axis of rotation of 
the plate. It is proportional to the horsepower de 
manded from the prime mover. By shutting off the 
supply of hydraulic ?uid to the servomechanism when 
the auxiliary pressure or any of the two pressures in the 
two lines coupling hydraulic motor with the hydraulic 
pump becomes excessive, the hydraulic pump is pre 
cluded from being operated to load the prime mover in 
such a matter that the prime mover and pump would 
accelerate to an overspeed condition. This circuit is 
superior to those devices which sense an engine over 
speed condition and then react because this circuit pre 
vents the overspeed condition from occurring in the 
?rst place. 

13 Claims, 2 Drawing Figures 
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HYDROSTATIC TRANSMISSION OVERSPEED 
PREVENTION CIRCUIT 

TECHNICAL FIELD 

This invention generally relates to closed loop hy 
draulic power transmission systems or hydrostatic 
transmissions. In particular, it is concerned with a 
unique hydraulic circuit that prevents overspeeding of 1 
the prime mover by automatically insuring that the 
hydraulic pressure available to decelerate an inertial 
load is lower than that pressure which was available to 
accelerate the load. 

BACKGROUND OF THE INVENTION 

In its simplest form, a hydraulic power drive or hy 
drostatic transmission consists of the following compo 
nents: 

(a) a prime mover, the source of power-a gasoline 
engine, electric motor, etc. 

(b) a hydraulic pump, normally a variable displace 
ment pump, which is driven by the prime mover and 
which produces a ?ow of pressurized hydraulic ?uid; 

(c) a hydraulic motor which is driven by the hydrau 
lic pump; 

(d) a means for controlling the direction of ?ow and 
magnitude of ?ow out of the pump; and 

(e) mechanical shafting and gearing to convey the 
output of the hydraulic motor to the load. The hydrau 
lic pump is normally driven at a constant speed by the 
prime mover; if it is a variable displacement pump, it 
delivers hydraulic ?uid at a variable rate to the hydrau 
lic motor. Thus, by controlling the output of the hy 
draulic pump, the direction and speed of the hydraulic 
motor, and hence direction and speed of the load can be 
controlled. 

In many hydraulic drive systems or hydrostatic trans 
missions, a mass or load is accelerated and brought to 
speed by pumping ?uid in one direction from the hy 
draulic pump to the hydraulic motor and decelerated or 
braked by attempting to reverse the ?ow of ?uid from 
the hydraulic pump to the hydraulic motor (e.g. dy 
namic braking). This method of controlling the acceler 
ation and deceleration of an inertial load is convenient, 
stable, well-proven and precise. If the reversing feature 
of the hydraulic pump is used in an ordinary hydrostatic 
drive, the same hydraulic pressure is normally used to 
both accelerate and decelerate the load. 

In the case of an axial piston hydraulic pump the 
amount of ?ow and the direction of ?ow is determined 
by the angle of the tilt plate or swash plate. These axial 
piston pumps are often referred to as variable delivery 
or variable displacement hydraulic pumps. When the 
swash plate is at right angles to the drive shaft (i.e. zero 
tilt) and the drive shaft is rotating, the pistons which 
pump the ?uid do not reciprocate; therefore, no pump 
ing action takes place. When the swash plate is tilted 
from the right angle position, the pistons reciprocate 
and hydraulic ?uid is pumped. The design and opera 
tion of axial piston hydraulic motors is very similar to 
the design and operation of an axial piston hydraulic 

I pump. It well known that some hydraulic pumps can be 
used as hydraulic motors with little or no modi?cation. 
The output speed and torque of a hydraulic motor 

depend upon the power input in terms of differential 
pressure and the rate of ?ow. The relationship between 
output speed vs. input volume and output torque vs. 
input differential pressure depends on displacement of 
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the motor. In particular, the output torque is propor 
tional to the input differential pressure and the ?ow rate 
and inversely proportional to the speed (RPM). This 
follows from the fact that in a prime mover hydraulic 
pump system combination, the torque of the input shaft 
is proportional to the hydraulic pressure and the ?ow 
through the system. Therefore, if system pressure is 
limited, shaft torque or input torque will also be limited, 
for a given pump displacement. 

Fluid motors may be of the ?xed displacement or 
variable displacement type. The ?xed displacement 
provides constant torque and variable speed for a given 
differential pressure. The speed is varied by controlling 
the amount of input ?ow. The variable displacement 
motor is constructed in a manner which permits the 
working relationship of the internal parts to be varied so 
as to change the displacement. This provides variable 
torque and variable speed. With input ?ow and operat 
ing pressure remaining constant, the relationship be 
tween the torque and the speed can be varied to meet 
load requirements by varying the displacement. The 
majority of motors used in ?uid power systems are the 
?xed displacement types. In most ?uid power systems, 
the motor is required to provide actuation in either 
direction. This is, of course, achieved by changing the 
angle of the swash plate in the variable displacement 
hydraulic pump. 

Because of the similarity in the operation and con 
struction of the hydraulic pump and hydraulic motor, 
particularly a variable displacement hydraulic pump of 
the axial piston variety and an axial piston hydraulic 
motor, a hydraulic motor acts as a hydraulic pump 
when the hydraulic pump has its displacement reduced 
(by decreasing the angle of the swash plate) to a volume 
less than the volume passing through the motor and the 
load connected to the output shaft of the hydraulic 
motor is in motion. Effectively, the inertia of the load 
drives the hydraulic motor in such a way that it 
“pumps” hydraulic ?uid. 
However, most prime movers do not have a retarding 

torque characteristic equal to their driving torque char 
acteristic. In other words, the prime mover accelerates 
a load at a different rate than it decelerates a load. Con 
sequently, if a load in motion is decelerated by the appli 
cation of decelerating pressure, the magnitude of which 
is equal to the pressure previously used to accelerate 
that load, the hydraulic pump and the associated prime 
mover can overspeed. Overspeeding the hydraulic 
pump or the prime mover can cause damage or exces 
sive wear to either or both of the components. Thus, if 
overspeeding is to be avoided, a lower pressure should 
be used to decelerate the moving load. Although the 
rate of deceleration is reduced by using a lower hydrau 
lic pressure, operationally this is of no signi?cance since 
most machines also have mechanical brakes to slow or 
stop the moving load. These mechanical brakes are 
normally used in conjunction with the retarding feature 
of the variable displacement hydraulic pump. 

SUMMARY OF THE INVENTION 

In accordance with the present invention a hydraulic 
circuit is provided to prevent overspeeding of the prime 
mover and hydraulic pump of a closed loop hydrostatic‘ 
transmission when the ?ow through the hydraulic 
pump is retarded to brake or decelerate a moving load 
connected to the hydraulic motor driven by the hydrau 
lic pump. In the case of a variable displacement hydrau 



4,364,230 
3 

lic pump whose swash plate or tilt plate is positioned by 
a hydraulic servomechanism, the hydraulic ?uid used to 
operate the servomechanism is shut off if the hydraulic 
pressure in either of the two main conduits (i.e. the ones 
passing hydraulic ?uid between the hydraulic pump and 
hydraulic motor of a closed loop hydrostatic transmis 
sion) exceeds a pre-set maximum value, or if the auxil 
iary hydraulic pressure exceeds the pre-set maximum 
value, or if the hydraulic pressure in either of the two 
conduits and the auxiliary hydraulic pressure when 
added together exceeds that same pre-set maximum 
value. 

Pressure compensation is introduced into the servo 
mechanism by comparing the pre-set maximum pressure 
value against the pressure in either of the two main 
conduits. The auxiliary hydraulic pressure signal is 
equal to the lowest value of pressure during accelera 
tion and the highest during deceleration of the load. 
Alternatively, it can be viewed as the pressure in that 
conduit which, for a given direction of rotation of the 
hydraulic motor, would be at the higher pressure if the 
hydraulic pump were not operating and the hydraulic 
motor was rotating due to the rotational inertia of the 
load. 
The pre-set maximum pressure value is a pressure 

which varies with the angle of tilt on the swash plate 
and hence the displacement or flow of the hydraulic 
pump. In particular, the pre-set maximum pressure de 
creases in value as the angle of tilt on the swash plate 
increases in value. Because the pre-set maximum pres 
sure value decreases as the angle of tilt on the swash 
plate increases, the maximum pressure allowable in 
either of the two conduits decreases with increasing 
?ow from the hydraulic pump. This introduces horse 
power (or torque) compensation into the servomecha 
nism. 

Thus, the servomechanism, when compensated for 
the pressure (or torque loading) on the hydrostatic 
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transmission, cannot be operated to overspeed the ' 
prime mover or the hydraulic pump powered by the 
prime mover. Other speci?c advantages and features of 
the invention will become readily apparent from the 
following detailed description of the invention, from 
the embodiment illustrated therein, from the claims, and 
from the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a straddle carrier 
having the various features of the present invention 
incorporated therein; and 
FIG. 2 is a schematic representation of a closed loop 

hydrostatic transmission employing the overspeed pre 
vention circuit that is the subject of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

While this invention is susceptible of embodiment in 
many different forms, there is shown in the drawings 
and will herein be described in detail a preferred em~ 
bodiment of the invention with the understanding that it 
is considered an exempli?cation of the principles of the 
invention and is not intended to limit the invention to 
that speci?c embodiment illustrated. The scope of the 
invention will be pointed out in the appended claims. 
FIG. 1 shows a straddle carrier 10 which consists of 

a generally inverted U-frame 12 having an upper hori 
zontal portion or bridge 14 and a pair of spaced legs 16 
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4 
depending from opposite ends of the upper horizontal 
portion. Each pair of legs 16 is supported at its lower 
end by a plurality of wheels 18. The legs 16 are inter 
connected at their lower ends by a pair of elongated 
hollow beams 24. The upper ends of each pair of legs 16 
are interconnected by transverse horizontal hollow 
columns (not shown). The legs when so positioned 
de?ne an elongated open cargo-receiving bay 28. 
The carrier also has an operator’s compartment or 

cab 30 supported at one corner of the bridge 14. There 
the equipment attendant or driver manipulates the vari 
ous controls used to operate the carrier 10. The cab is 
accessible through a ladder 31 attached to one of the 
forward or front legs 16. An engine compartment 26 is 
supported by one of the two hollow beams 24 at the 
lower ends of the legs 16. The engine contained therein 
drives a plurality of pumps that supply hydraulic ?uid 
to a plurality of motors and actuators to operate various 
moving components and equipment. In particular, a 
spreader 32 is supported by the bridge 14 for vertical 
movement within the open bay 28 through a hoisting 
mechanism. The spreader is used to manipulate cargo 
containers or vans 36. The wheels 18 are steered by a 
plurality of ?uid rams 38 through a linkage so that all of 
the wheels are turned in a synchronized relationship. 
The wheels 18 are driven by hydraulic drive motors 
which are in turn powered by the hydraulic pumps and 
the engine 42 within the engine compartment 26 
through a hydraulic transmission means 40 (see FIG. 2). 
Additional details concerning the straddle carrier 10 
referred to in FIG. 1 may be found in US. Pat. No. 
4,119,229 to Holmes et al. and assigned to the assignee 
of the present invention. That patent, insofar as provid 
ing additional details describing the various relation 
ships between the components of the present invention 
is herein incorporated by reference. 
The major components of the hydraulic circuit used 

to operate or power the wheels 18 of the straddle car— 
rier 10 will now be described. The hydraulic transmis 
sion means 40 used to drive the wheels 18 can take on a 
variety of forms. FIG. 2 is a schematic diagram illustrat 
ing one type of drive incorporating a closed loop hydro 
static transmission. An engine 42 such as a diesel engine 
or gasoline engine drives a variable displacement hy 
draulic pump 44 through an input or drive shaft 45. 
That same shaft drives a charging pump 46. A pair of 
main conduits or ?uid lines 47 and 48 supplies hydraulic 
?uid from the pump 44 to a hydraulic motor 50. For 
convenience, one of the two main conduits 47 will be 
alternatively referred to as the “upper main conduit” 
and the other main conduit 48 will be referred to as the 
“lower main conduit”. The hydraulic pump 44 is of the 
reversible ?ow variety so that pressurized ?uid may be 
delivered to either of the two main conduits 47 and 48 
to control the direction of rotation of the hydraulic 
motor 50 and the wheels 18. A hydraulic servomecha' 
nism 64 is used to control the speed and direction of 
rotation of the hydraulic pump 44. The wheels 18 are 
joined to the hydraulic motor 50 by an output shaft 52. 
The charging pump is used to supply control oil or 

?uid to operate or power the servomechanism 64. The 
charging pump 46 is connected to a hydraulic ?uid 
reservoir or sump 54. The charging pump 46 is a con 
stant displacement pump delivering a constant supply of 
?uid to a header 56 which is connected to the two main 
conduits 47 and 48 through check valves 57 and 58 and 
to a pressure relief valve 60. Thus, pressurized ?uid 
from the charging pump 46 is automatically added to 
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the closed loop hydrostatic transmission including the 
variable displacement, reversible ?ow hydraulic pump 

motor 50 whenever such ?uid is necessary. For exam 
!ple, if the upper main conduit 47 is pressurized, by the 
hydraulic pump 44, the pressure of the ?uid therein will 
always be greater than the relief valve setting of the 
charging pump relief valve 60 so as to maintain the 
upper check valve 57 in the closed or seated position. If 
the closed loop hydrostatic transmission is in need of 
additional ?uid, the pressure in the lower conduit 48 
will drop below the setting of the charging pump relief 
valve 60. This in turn opens the lower check valve 58 so 
as to supply charging oil to the lower main conduit 48. 
The hydraulic transmission means 40 also incorpo 

rates a high pressure relief system for interconnecting 
the upper 47 and lower 48 main conduits any time there 
is a sudden surge of pressure of the ?uid in either con 
duit. This is accomplished by connecting the upper and 
lower main conduits 47 and 48 by a pair of relief valves 
61 and 62. One relief valve 61 protects the upper main 
conduit 47 from a sudden surge in pressure. The second 
relief valve 62 protects the lower main conduit 48 from 
a sudden increase in pressure. With the relief circuit just 
described, whenever the hydraulic pump 44 is suddenly 
shut down for any reason, the momentum of the carrier 
10 can result in a rapid rise in pressure in either the 
upper 47 or the lower 48 conduits, (depending on the 
direction of motion of the carrier) which in turn will 
open the appropriate relief valve 61, 62 to provide a 
?ow'path bypassing the hydraulic pump 44. Other de 
tails concerning the speci?c components of the hydrau 
lic transmission means 40 may be found in Holmes et a1. 
U.S. Pat. No. 4,119,229 previously referenced. 
The servomechanism 64 used to operate, control and 

adjust the hydraulic pump 44 will now be described. 
The servomechanism 64 is of the hydromechanical 
variety. It includes a control valve 66; a positioner or 
servocylinder 68; an input lever 70; and a drive link 72. 
The drive link 72 is joined to the swash plate or tilt plate 
74 of hydraulic pump 44. The positioner 68 manipulates 
'the drive link 72 to control the angle 75 of the swash 
plate 74. Position feedback between the control valve 
66 and the swash plate 74 is obtained by linking the 
drive link 72 to the input lever 70. The input lever 70 
controls the position of a spool within the control valve 
66 and the ?ow path of hydraulic ?uid to and from the 
positioner 68. 
As shown in the drawings, control valve 66 is a three 

position, four-way valve biased to the center position. 
The two output ports 76 and 77 of the control valve 66 
are ?uidly connected to both sides of the piston 78 
within the positioner or servocylinder 68. The control 
valve 66 has two input ports 79 and 81. A supply of 
“control oil” is fed to one of the input ports 79 of the 
control valve 66 via a conduit 80 joined to a header 56 
downstream of the charging pump 46. A pressure limit 
ing valve 82 (to be described in detail at a later point in 
this discussion) controls the supply of hydraulic ?uid 
?owing from the charging pump 46 to the control valve 
66. The other input conduit 81 directs ?uid displaced by 

q the movement of the piston 78 within the positioner 68 
to the reservoir 54. Thus, by operating the input lever 
70 the control valve 66 can be positioned to supply ?uid 
to either side of the piston 78 in the positioner 68 so as 
to force the piston rod 83 inwardly or outwardly 
thereby controlling the angle 75 of the swash plate 74 in 
the hydraulic pump 44. By pivotally linking together 

‘I 44, the two main conduits 47 and 48, and the hydraulic ~ 
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6 
the drive link 72 with the input lever 70,-the displace 
ment of the swash plate and the movement of the drive 
link 72 is “fed back” to the input lever. These principles 
are conventional and well-known to those skilled in the 
art. Thus, so long as hydraulic ?uid under pressure is 
provided to the control valve 66, the driver or machin 
ery operator of straddle carrier 10 is free to manipulate 
the swash plate 74 and thereby control the operation of 
the variable displacement hydraulic pump 44. How 
ever, if the supply of hydraulic ?uid to the control valve 
66 is shut off, the swash plate 74 cannot be operated by 
manipulating the input lever 70. This is the function of 
the pressure limiting valve 82 which will now be de 
scribed in detail. 
As illustrated in the drawings, the pressure limiting 

valve 82 is a two-position, two-way spool valve biased 
to the open position by a spring 86 and actuated to the 
shut position by two parallel valve pilots 84 and 85. The 
spring 86 which biases the pressure limiting valve 82 to 
the open position, by virtue of an articulated linkage 
and cam mechanism 88, provides a variable biasing 
force tending to hold the valve in the open position. 
The various components controlling the pressure limit 
ing valve 82 will now be described. Afterwards, the 
integrated operation of these various components will 
be discussed in detail. 
One valve pilot 84 is joined to a conduit 89 providing 

hydraulic ?uid from a shuttle valve 90. The shuttle 
valve has its two input ports 91U and 91L joined to the 
two main conduits 47 and 48 of the hydraulic transmis 
sion means 40. The output from the shuttle valve 90 is a 
“pressure signa ” (i.e. a source of pressurized ?uid) that 
is equal in pressure to the higher of the pressures in the 
two main conduits 47 and 48. Thus, when the upper 
conduit 47 is higher in pressure than the lower main 
conduit 48, the shuttle valve 90 provides at its output 
port 910 ?uid, the pressure of which is equal to the 
pressure of the hydraulic ?uid in the upper main con 
duit 47. When the hydraulic pump 44 is running at a 
constant speed (RPM) and pumping ?uid to the upper 
main conduit 47 and from the lower main conduit 48, 
the pressure of the ?uid in the higher of the two main 
conduits is proportional to the torque loading on the 
hydraulic motor. Moreover, the torque on the input 
shaft 45 and the engine 42 is proportional to this same 
hydraulic pressure. Effectively, by using this pressure 
to control operation of the pressure limiting valve 82, 
pressure compensation is introduced. This pressure 
signal (e. g. pressure at the output port 910 of the shuttle 
valve 90) will be referred to as the “pressure compensat 
ing signal.” 
The second valve pilot 85 is supplied with hydraulic 

?uid under pressure from a conduit 92 joined to either 
the upper 47 or the lower 48 main conduits through a 
restriction ori?ce 93, 94 and an auxiliary pressure con 
trol valve 95. As illustrated in the drawings the auxiliary 
pressure control valve 95 is a two-position, four-way 
valve that is biased to one position by a spring 96 and 
actuated to its second position by a solenoid 97. When 
the solenoid is de-energized hydraulic oil is ported 
through the auxiliary pressure control valve 95 in such 
a manner that ?uid from the upper main conduit 47 
?ows through an ori?ce 93 to the hydraulic reservoir 
54. The other path through the valve is from the lower_ 
main conduit 48 via an ori?ce 94 to the second valve 
pilot 85 on the pressure limiting valve 82. When the 
solenoid>97 is actuated, the ?ow of ?uid through the 
valve 95 is reversed such that ?uid from the upper main 
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conduit 47 is directed to the second valve pilot 85 on the 
pressure limiting valve 82 while ?uid from the lower 
main conduit 48 is ducted to the hydraulic reservoir 54. 
The electrical circuit actuating the solenoid 97 on the 

auxiliary pressure control valve 95 will now be de 
scribed. The electrical circuit is a series circuit that 
includes a battery 98 or other supply of voltage, a 
switch 99, and the solenoid 97. When the switch 99 is 
closed and power is available from the battery 98 the 
solenoid is actuated. The output or drive shaft 52 of the 
hydraulic motor 50 is provided with a change-in-direc 
tion sensing means 100 for actuating the switch 99 pow 
ering its solenoid 97. 
There are many devices which can be used to actuate 

or cycle an electrical switch or pair of contacts when 
ever a shaft changes its direction of rotation. In one 
speci?c device, a pair of paddles is coaxially mounted 
inside a rotating cylinder of hydraulic ?uid. The cylin 
der is keyed to rotate with the shaft whose direction is 
to be monitored. Viscous coupling between the inside 
walls of the cylinder and the paddles drives the paddle 
wheels in the same direction as the cylinder. By limiting 
the allowable angular displacement of the paddles be 
tween two angular limits, the paddles are rotated to one 
extreme when the cylinder is rotated in one direction 
and then rotated to the opposite extreme when the cyl 
inder changes its direction of rotation. The movement 
of the shaft joining two paddles can then be used to 
operate an electrical switch or pair of contacts. Thus, 
whenever the direction of rotation in the output shaft 52 
changes, the switch 99 changes its position which 
causes the auxiliary pressure control valve 95 to change 
its position. 
The ?uid ?owing out of the auxiliary pressure con 

trol valve 95 is supplied to the second valve pilot 85. 
The pressure of the ?uid ?owing out of the auxiliary 
pressure control valve 95 can be thought of as a “pres 
sure signal” or control signal which is representative of 
the pressure within that one of the upper and lower 
main conduits 47 and 48 which will be at the “lower” 
pressure of the two conduits during acceleration and at 
the “higher” pressure of the two conduits during decel 
eration of the load. This action is the result of the inter 
action of the auxiliary pressure control valve 95, the 
switch 99, and the pressure in the two conduits during 
acceleration and deceleration of the load. 

Since the pressure limiting valve 82 is normally bi 
ased to the open position by a spring 86 and actuated to 
the shut position by either one or both of the two valve 
pilots 84 and 85, the pressure signals or pressure sup 
plied to the two hydraulic pilots apply a total force 
which determines the position of the valve for a given 
spring force. The pressure limiting valve 82 will block 
?ow to conduit 80 supplying hydraulic ?uid to the 
control valve 66 if the pressure in either the upper 47 or 
lower 48 main conduit exceeds the spring force biasing 
the valve to the open position. Similarly, if the auxiliary 
pressure signal creates a force which exceeds the force 
of the biasing spring 86, the pressure limiting valve 82 
shuts. Since the two valve pilots 84 and 85 work in 
parallel, the pressure limiting valve 82 also shuts if the ‘ 
sum of the two forces exceeds the force of the biasing 
spring 86. 
The force of the biasing spring 86 tending to hold the 

pressure limiting valve 82 in the open position is a vari 
able quantity dependent upon the angle 75 of the swash 
plate 74. Speci?cally, an articulated linkage and cam 
mechanism 88 determines the spring force of the biasing 
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spring 86. The articulated linkage and cam mechanism 
88 includes a throw rod 102 pivoted to a cam lever 104 
which is pivoted about a ?xed bracket 106. The throw 
rod 102 is adjusted so that when the swash plate 74 is at 
right angles to the drive or input shaft 45 (e. g. the pump 
is idle or not moving ?uid between the two main con 
duits 47 and 48), the cam lever 104 compresses the bias 
ing spring 88 to the maximum extent. Thus, when the 
swash plate 74 is at right angles to the input shaft 45, the 
biasing spring 86 provides the greatest force tending to 
hold the pressure limiting valve 82 in its open position. 
As the swash plate 74 is repositioned or tilted, the throw 
rod 102 operates the cam lever 104 so as to reduce the 
force of the biasing spring 86, such that, when the swash 
plate 74 is displaced to its maximum extent, the biasing 
spring 86 provides the least force tending to hold the 
pressure limiting valve 82 open. Since the displacement 
of the individual pistons 108 increases as the angle 75 on 
the swash plate 74, and since torque is proportional to 
this displacement for a constant pressure output and 
input RPM, the horsepower output from the hydraulic 
pump 44 is proportional to the angle 75 of the swash 
plate 74. Since the force of the biasing spring 86 is 
linked to the angle of the swash plate 74, the pressure 
limiting valve 82 is said to be horsepower limited in the 
sense that, as the horsepower increases, less spring pres 
sure is available to hold the valve open. 
The integrated operation of the hydraulic transmis 

sion means 40 and, in particular, the pressure limiting 
valve 82 will now be described. If the input lever 70 of 
the servomechanism 64 is driven to the right (see arrow 
110), the swash plate 74 is rotated clockwise due to the 
extension of the servocylinder 68. With the swash plate 
so positioned, the hydraulic pump 44 forces ?uid into 
the upper main conduit 47 to the hydraulic motor 50 
which rotates the load or wheels 18 (in the direction 
shown in FIG. 2—arrow 112). To overcome the inertia 
of the load 18, the pressure in the upper conduit 47 
increases due to the resistance of ?ow. Without loss of 
generality, it can also be assumed that the change in 
direction sensing means 100, when rotating in this direc 
tion (arrow 112), holds the switch 99 open. With the 
switch opened, the solenoid 97 is deenergized and the 
auxiliary pressure control valve 95 is held in that posi 
tion determined by its biasing spring 96. In that position, 
hydraulic ?uid from the upper main conduit (relatively 
high pressure) 47 is dumped to the hydraulic reservoir 
54 and ?uid from the lower main conduit (relatively 
low pressure) 48 is directed to the second valve pilot 85. 
Thus, when the second valve pilot is exposed to the 
“lower” of the pressures in the main conduits 47 and 48, 
very little effect is realized; when exposed to the 
“higher” of the two pressures, the system pressure is 
greatly affected. In addition, since the upper main con 
duit 47 is at a higher pressure than the lower main con 
duit 48, the shuttle valve 90 directs high pressure ?uid 
from the upper main conduit to the ?rst valve pilot 84 in 
the pressure limiting valve 82. Assuming that the swash 
plate 74 has been tilted to its maximum value, the actuat 
ing linkage and cam mechanism 88 is repositioned in 
such a manner that the biasing spring 86 on the pressure 
limiting valve 82 provides the least force tending to 
hold the pressure limiting valve open. As long as the‘ 
load resistance does not cause a pressure higher than the 
spring force in the pressure limiting valve, no limita 
tions on the servomechanism 64 or the hydraulic pump 
44 will occur. a 
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Now, assuming the load has been brought up to speed 

such that it is no longer accelerating, if the input lever 
70 of the servomechanism 64 is returned toward its 
center position or reverse position such that the swash 
plate 74 is directed to return to a position of less dis 
placement, then the engine 42 begins to unload and its 
speed begins to increase. It generally does not absorb 
torque at the same magnitude at which it can generate 
torque. In addition, the biasing spring 86 now applies a 
greater force to hold the pressure limiting valve 82 open 
in proportion to the magnitude of the reduced angle of 
the swash plate. However, because the load 18 contin 
ues to move due to inertia, the hydraulic motor 50 func 
tions as if it were a “pump” in the closed loop hydro 
static transmission means 40. This increases the pressure 
of the ?uid in the lower main conduit 48 since ?uid is 
“pumped” from the upper main conduit 47 to the lower 
main conduit. The shuttle valve 90 shifts from the upper 
main conduit 47 to the lower main conduit 48. More 
over, since the auxiliary pressure control valve 95 still 
remains in its deenergized position, the high pressure 
fluid in the lower main conduit 48 (due to motor pump 
ing into a resistance at the pump) is ported to the second 
valve pilot 85. Thus, the spool within the pressure limit 
ing valve 82 has two high pressure signals applied to it. 
This is enough force to overcome the biasing spring 86 
and shut the valve. When the valve goes shut, the servo 
mechanism 64 is disabled. It can not follow the input to 
manipulate the swash plate 74 of the hydraulic pump 44 
to a lesser displacement until the intertial load dimin 
ishes and pressure in the lower conduit drops below the 
setting of the pressure limiting valve 82. This is neces 
sary to protect the engine from overspeeding which 
would occur if one were to rapidly absorb the inertial 
load into the engine. 
Now, if the input lever 70 could be operated to drive 

the moving load 18 in the reverse direction (opposite of 
arrow 112 in FIG. 2) the lower main conduit 48 would 
be pressurized by the pump 44. Since the lower main 
conduit 48 is already pressurized by the rotating motor 
50 and since the auxiliary pressure control valve 95 is 
lined up to port hydraulic ?uid from the lower main 
conduit 48, two high pressure signals would be applied 
to the two valve pilots 84 and 85. Even if it is assumed 
that the inertial load 18 started to diminish, the forces 
tending to shut the pressure limiting valve 82 coupled 
with the decrease in the force of the biasing spring 86 
due to the increased angle of tilt on the swash plate 74 
(brought about by moving the input lever 70) is enough 
to keep the pressure limiting valve 82 shut. Without 
“control oil” being supplied to the servomechanism 64, 
manipulation of the swash plate 74 is precluded. As long 
as these high pressure conditions exist in lower main 
conduit 48 (with the inertial load continuing), the pump 
displacement cannot be further reduced by motion of 
the input lever. The application of the two valve pilots 
84 and 85 reduces the pressure compensation to a level 
about one-half the magnitude of acceleration pressure 
compensation with only one pilot 84. Thus, since decel 
eration pressure is about one-half of acceleration pres 
sure, overspeeding of the hydraulic pump 44 or the 
,engine 42 has been effectively prevented. The servo 
mechanism will remain disabled until the force due to 
the sum of the two pressure signals applied to the two 
valve pilots 84 and 85 and is less than the force applied 
by the biasing spring 86. 
However, once the direction of the load 18 changes 

(reverse of arrow 112 in FIG. 2), the change-in-direc 
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tion sensing means 100 is activated. This closes the 
switch 99 and energizes the solenoid 97 on the auxiliary 
pressure control valve 95. Once the auxiliary pressure 
control valve 95 changes position, the ?uid from the 
lower main conduit 48 is diverted to the reservoir 54 
through the associated restriction ori?ce 94. Fluid from 
the upper main conduit 47 is then directed to the second 
valve pilot 85. Since the lower main conduit 48 is now 
pressurized by the hydraulic pump 44 in forcing the 
hydraulic motor 44 to rotate the inertial load 18 in the 
reverse direction (opposite to arrow 112), and since the 
“pumping effect” of the motor has ceased (e.g. it no 
longer rotates by the inertia of the load since it has been 
completely decelerated in the original direction), the 
hydraulic pressure signal to the second valve pilot 85 of 
the pressure limiting valve 82 is the lower of the two 
conduit pressures (just as in the case when the auxiliary 
pressure control valve 95 was deenergized and the load 
was rotated in the original direction (arrow 112) by the 
action of the pump alone). Under these circumstances, 
the biasing spring 86 overcomes the two valve pilots 84 
and 85, and the pressure limiting valve 82 is open. Con 
trol oil is then available to move the swash plate 74 
through its full range to fully load the engine 42. There 
is no danger now of overspeeding the engine or the 
pump since no inertial load is being transmitted to the 
engine. Thus, a means to control inertial load decelera 
tion pressure to a value less than the acceleration pres 
sure of the hydrostatic transmission has been described 
which compensates for the inherent inability of the 
prime mover to absorb as much horsepower as it pro 
duces without overspeeding the prime mover and the 
associated hydraulic pump. 
The automatic deceleration pressure control concept 

just described while illustrated in connection with a 
hydrostatic transmission is equally applicable to many 
other variable volume pumps used with or in connec 
tion with various other hydraulic circuits. For example 
the servomechanism 64 can be of the electromechanical 
variety and the pressure limiting valve can be replaced 
with a hydraulically actuated switch. In addition, the 
servo control valve 66 can be provided with the biasing 
spring 86 and the two valve pilots 84 and 85 to directly 
interlock the operation of the servocylinder 68. 
As illustrated in the drawings a pressure-compen 

sated, horsepower-limited control circuit was de 
scribed. The same system will operate as a pressure 
compensated control circuit if the articulated linkage 
and cam mechanism 88 is removed and the biasing 
spring 86 is arranged to provide a constant force tend 
ing to hold the pressure limiting valve 82 open. 
As another modi?cation, a shuttle valve 105 (See 

insert for FIG. 2) can be installed between the auxiliary 
pressure control valve 95 and the pressure limiting 
valve 82. If one input port 103 of the shuttle valve 105 
is joined to a ?uid component driven by the same engine 
42, such as another hydraulic pump, the ?uid pressure 
of that component will be indicative of the load on the 
engine. The output 101 of the shuttle valve will then be 
a pressure signal equal to the higher of the two input 
?uids. Therefore, the same pressurev limiting valve can 
be used to protect the engine and the engine driven 
pumps from a potential overspeed condition due to the 
inertial effects of either pump, as well as limiting the 
total horsepower demand from the prime mover. 

Thus, while the invention has been described and 
shown with particular reference to one embodiment 
and one application, it will be readily apparent that 
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other variations are possible which would fall within 
the spirit of the present invention and that the invention 
is not to be limited, except by the scope of the appended 
claims. 
What is claimed is as follows: 
1. In a material handling machine having: a closed 

loop hydrostatic power transmission system driven by a 
prime mover to move a load using a hydraulic motor 
and a variable displacement hydraulic pump ?uidly 
coupled together by two ?uid conduits; a charging 
system to make up ?uid lost by leakage from said trans 
mission; a reservoir to collect leakage and to supply 
?uid to said charging system; and a servomechanism, 
powered by ?uid supplied from said charging system 
through a pipe to control the quantity and direction of 
?ow from said pump to said motor by tilting a swash 
plate in said pump, a hydraulic circuit to prevent over 
speeding the prime mover driving said pump, compris 
mg: 
(a) a shut-off valve in said pipe for establishing flow 
between the charging system and the servomecha 
nism, said valve including a biasing means for nor 
mally urging said valve to its open position; 

(b) operating means, linked to said shut-off valve, for 
closing said shut-off valve to control the operation of 
said servomechanism in response to the direction of 
rotation of said motor, and the pressure of the ?uid in 
said conduits, said operating means including: 

?rst pilot means, opposing said biasing means, for clos 
ing said shut-off valve in response to the pressure of 
the ?uid in that one of said two ?uid conduits supply 
ing ?uid between the hydraulic pump and the hy 
draulic motor which is at the higher pressure, said 
biasing means being overcome by said ?rst pilot 
means in the event that the pressure in said one con 
duit is due to a heavily loaded pump; and 

second pilot means, opposing said biasing means and in 
parallel with said ?rst pilot means, for closing said 
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shut-off valve in response to the pressure in that main ‘ 
conduit which for a given direction of rotation of said 
motor would be pressurized by said motor due to the 
rotational inertia of said load, said biasing means 
being overcome by said second pilot means in the 
event that the pressure in said main conduit is due to 
reducing the angle of the swash plate in the pump and 
an inertially powered motor functioning as a pump, 
whereby 

the acceleration of the prime mover induced by the 
rotation of the swash plate by said servomechanism is 
limited by the torque or pressure loading on ‘said 
pump and the direction that said motor rotates; 

(c) direction sensing means for sensing the direction of 
rotation of said motor and controlling said second 
pilot means; and 

((1) control valve means responsive to said direction 
sensing means for transmitting pressure from a se 
lected main conduit to said second pilot means. 
2. The hydraulic circuit set forth in claim 1, wherein 

said servomechanism includes: a four-way, three-posi 
tion hydraulic control valve, said hydraulic control 
valve being supplied hydraulic ?uid from said charging 
system via said shut-off valve and said pipe; and a hy 
draulic actuator operated by said control valve and 
operationally connected to said swash plate. , 

3. The hydraulic circuit set forth in claim 1, further 
including a shuttle valve having its two inlet ports 
joined to the two conduits passing ?uid between said 
hydraulic pump and said hydraulic motor, whereby the 
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outlet of said shuttle valve is ?uid at a pressure equal to 
the higher of the two pressures in said main conduits, 
said ?rst pilot means operating in response to the pres 
sure of the ?uid at the outlet of said shuttle valve. 

4. The hydraulic circuit set forth in claim 1, wherein 
said shut-off valve is a two-position, two-way valve 
biased to the open position by said biasing means, said 
biasing means comprising a spring the compressed 
length of which is varied in response to the angle of tilt 
on said swash plate within said hydraulic pump, said 
spring being compressed 'to its greatest extent when the 
angle of tilt on said swash plate is zero. 

5. The hydraulic circuit set forth in claim 4, wherein 
said shut-off valve is a spool valve and said spring is 
juxtaposed between one end of the spool within said 
spool valve and a camming surface the distance of 
which from said one end of said spool is proportional to 
the angle of tilt on said swash plate, said camming sur 
face being closest to said one end when the angle of tilt 
on said swash plate is zero. 

6. The hydraulic circuit set forth in claim 1, wherein 
said control valve means comprises a two-position, 
four-way valve biased to its ?rst position and actuated 
to its second position by a solenoid operator, one outlet 
port being joined to said reservoir and the other outlet 
port being joined to said second pilot means, one inlet 
port being joined to one of the two hydraulic conduits 
joining said hydraulic pump to said hydraulic motor 
through an ori?ced connection, the second inlet port 
being joined to the other of the two conduits through an 
ori?ced connection, said solenoid operator being ener 
gized in response to said direction sensing means, joined 
to the output shaft of said hydraulic motor, for sensing 
a change in the direction of rotation of said load, 
whereby one of said two main hydraulic conduits is 
joined to said second pilot means when the output 
shaft is rotated in the clockwise direction and the 
other of the two main hydraulic conduits is joined to 
said second pilot valve means when the output shaft 
rotates in the counterclockwise direction, said second 
pilot means thereby being responsive to the direction 
that said motor rotates and the pressure produced in 
said conduits by the rotation of said motor when the 
angle of tilt on said pump swash plate is reduced. 
7. The hydraulic circuit set forth in claim 1, wherein 

said ?rst pilot means and said second pilot means are 
?uid rams powered by the ?uid supplied from said two 
conduits. 

8. The hydraulic circuit set forth in claim 1, wherein 
said biasing means is a spring, whereby said servomech 
anism is compensated for the pressure characteristic of 
said pump. 

9. The hydraulic circuit set forth in claim 1, wherein 
said biasing means is a spring whose output force de 
creases as the ?ow out of said pump increases, said 
biasing means providing the greatest force when said 
swash plate is at right angles to the drive shaft of said 
pump such that said pump effectively ceases to force 
?uid therethrough, whereby said servomechanism is 
pressure and horsepower compensated. 

10. In a material handling machine having a closed 
loop hydrostatic power transmission system driven by a 
prime mover to move a load using a hydraulic motor 
and a variable displacement hydraulic pump coupled 
together by two ?uid conduits; a reservoir to collect 
leakage and to store ?uid for use by the transmission 
system; and a servomechanism to regulate the quantity 
and direction of ?ow from the hydraulic pump by 
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changing the angle of tilt on a swash plate within said 
hydraulic pump, a hydraulic circuit to prevent over 
speeding the prime mover when decelerating the iner 
tial load, comprising: 
,(a) a ?uid charging system connected to said reservoir 

for operating said servomechanism; and 
(b) pressure limiting valve means operationally associ 

ated with said ?uid charging system, for de-energiz 
ing said servomechanism to limit the operation of said 
swash plate in response to the pressure in said main 
conduits and the direction of rotation of said motor, 
said pressure limiting valve means including: 

reference means for producing a pre-set maximum pres 
sure value, said pre-set maximum pressure value 
being representative of the maximum allowable out 
put torque or pressure loading from said pump; and 

?rst and second parallel valve pilots associated with 
said pressure limiting valve means for comparing said 
pre-set maximum pressure value against the pressure 
in each of said two conduits and for de-energizing 
said ?uid charging system in the event that the pres 
sure in either of said two conduits is greater than said 
pre-set maximum pressure value, or if the sum of the 
pressures in said two conduits is greater than said 
pre-set maximum pressure value, whereby 

said prime mover is precluded from being loaded by the 
operation of said servomechanism to decelerate the 
motion of said load in the event that the pressure in 
said conduits produced by the rotation of said hy 
draulic motor due to the moving inertia of said load 
with said hydraulic pump unloaded is greater than 
said pre-set maximum pressure value or in the event 
that the pressure in said conduits produced by said 
hydraulic pump and said hydraulic motor due to the 
rotational inertia of said load taken together is greater 
than said pre-set maximum pressure value. 
11. The hydraulic circuit set forth in claim 10, 

wherein said reference means comprises variable spring 
bias means operationally associated with said swash 
plate and pressure limiting valve means, and said pre-set 
maximum pressure value decreases in value as the angle 
on said swash plate increases whereby the operation of 
said servomechanism is compensated for the pressure 
characteristic of said pump and the horsepower loading 
on said pump. 

12. The hydraulic circuit set forth in claim 10, 
wherein said pressure limiting valve means comprises a 
pilot actuated spool valve biased to the open position, 
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14 
said spool valve being located in a pipe joining said 
charging system and said hydraulic servomechanism. 

13. In a material handling machine having: a closed 
loop hydrostatic power transmission system driven by a 
prime mover to rotate a load using a hydraulic motor 
and a variable displacement hydraulic pump ?uidly 
coupled together by two ?uid conduits; a charging 
system to make up ?uid lost by leakage from said trans 
mission; a reservoir to collect leakage and to supply 
?uid to said charging system; and a servomechanism, 
powered by ?uid supplied from said charging system 
through a pipe, for controlling the quantity and direc 
tion of ?ow from said pump to said motor, a hydraulic 
circuit to prevent overspeeding the prime mover driv 
ing said pump, comprising: 
(a) a valve in said pipe, for supply of hydraulic ?uid 
from said charging system to actuate said servomech 
anism; 

(b) operating means, operationally associated with said 
valve and powered by the ?uid in said conduits, for 
opening and closing said valve to control the supply 
of ?uid to said servomechanism in response to the 
direction of rotation of said motor and the pressure in 
said conduits, said operating means including: 

biasing means for urging said valve to the open position; 
?rst pilot actuator means, opposing said biasing means, 

for closing said valve, said ?rst pilot actuator means 
being supplied with ?uid from that one of said two 
?uid conduits which is at the higher pressure; and 

second pilot actuator means, opposing said biasing 
means and in parallel with said ?rst pilot actuator 
means, for closing said valve, said second pilot actua 
tor means being supplied with ?uid from that conduit 
which, for a given direction of rotation of said motor, 
would be at the lower pressure if said pump were 
used to accelerate the load in said given direction, 
whereby 

the speed of the prime mover induced by the operation 
of said servomechanism is limited by the torque or 
pressure loading on said pump and the direction that 
said motor is rotating; 

(c) direction sensing means for sensing the direction of 
rotation of said motor and controlling said second 
pilot actuator means; and 

(d) control valve means responsive to said direction 
sensing means for transmitting pressure from a se 
lected conduit to said second pilot actuator means. 

* * * * * 


